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a  b  s  t  r  a  c  t
Background:  Cardiac  arrest can  lead  to  hypoxic  brain  injury,  which  can  affect  cognitive  functioning.
Objective:  To  investigate  the course  of  objective  and subjective  cognitive  functioning  and  their  association
during  the  first  year after cardiac  arrest.
Methods:  A  multi-centre  prospective  longitudinal  cohort  study  with  one  year  follow-up  (measurements  at
two weeks,  three  months  and  one  year).  Cognitive  functioning  was measured  with  a neuropsychological
test  battery  and  subjective  cognitive  functioning  with  the Cognitive  Failures  Questionnaire.
Results:  141  cardiac  arrest  survivors  participated.  Two  weeks  post cardiac  arrest  16%  to  29%  of  survivors
were  cognitively  impaired  varying  on  the  different  tests,  at three  months  between  9% and  23%  and  at  one
year  10%–22%  remained  impaired  with  executive  functioning  being  affected  most.  Significant  reduction
of  cognitive  impairments  was  seen  for all  tests,  with  most  recovery  during  the  first  three  months  after
cardiac  arrest.  Subjective  cognitive  complaints  were  present  at two weeks  after  cardiac  arrest  in  11%,
12%  at  three  months  and  14%  at  one  year.  There  were  no  significant  associations  between  cognitive
impairments  and  cognitive  complaints  at any  time  point.
Conclusions:  Cognitive  impairments  are  common  in  cardiac  arrest  survivors  with  executive  functioning
being  mostly  affected.  Most  recovery  is seen  in  the  first  three  months  after  cardiac  arrest.  After  one  year,  a
substantial  number  of patients  remain  impaired,  especially  in  executive  functioning.  Because  of absence
of associations  between  impairments  and  complaints,  cognitive  testing  using  a  sensitive  test  battery  is
important  and should  be  part  of routine  follow-up  after  a cardiac  arrest.
© 2017  Elsevier  B.V.  All  rights  reserved.ntroduction
Cardiac arrest (CA) can lead to ischemic-hypoxic brain injury
ith subsequent cognitive deficits varying from mild to severe
nd affecting different domains of cognitive functioning [1–14].
ost reported deficits are loss of memory, psychomotor deficits
nd problems in executive functioning [1–14]. At three months
ost arrest, Ørbo concluded that 44% in a cohort of 45 survivors
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300-9572/© 2017 Elsevier B.V. All rights reserved.were cognitively impaired to some degree [8]. Tiainen et al. [13]
investigated cognitive performance of CA survivors at six months
post arrest. Of 41 survivors, 34% had mild to moderate cognitive
deficits and 17% had severe cognitive deficits. Cognitive deficits
were predominantly detected in executive and memory functions
[13]. Further research at one year concluded that a substantial num-
ber of patients had cognitive deficits, with memory being mostly
affected in up to 64% [14]. Most recovery of deficits occurs in the first
three months [10,12,14,15]. Large heterogeneity between studies
and differences in assessment instruments make it difficult to draw
firm conclusions about the incidence of cognitive impairments and
their time course after surviving CA, which emphasizes the neces-
sity of the current study.





















































Cognitive test battery and dependent measures for each test.
Test Domain(s) Dependent measure(s)
Cog-Log Global cognitive performance Total correct
TMT-A Psychomotor functioning Time in seconds
TMT-B Executive functioning Time in seconds
Verbal Fluency Semantic memoryWord fluency Total correct
PR Direct Short-term memory Total correct
PR Delayed Delayed memory Total correct
AMIPB Information processing speed Total correct
Cog-Log = Cognitive Log, total score; TMT  = Trail Making Test (part A/part B), time inC.V.M. Steinbusch et al. / Re
Besides cognitive impairments, subjective cognitive complaints
an be present. Previous research has shown that at four weeks
fter CA 10 of 77 (13%) survivors had subjective cognitive com-
laints [16]. In this study, it is remarkable that the overlap between
atients with cognitive impairments and those with cognitive
omplaints was limited (<30%), which raises questions about the
elation between objective and subjective cognitive functioning.
nother study used the Global Deterioration Scale to detect self-
stimated cognitive deficits six months post arrest, with 56% of
urvivors rating themselves as having some degree of cognitive
eficits [17]. At three years after CA, Wachelder et al. showed
hat 13 of 61 (21%) survivors had subjective cognitive complaints
18]. Research on patients with stroke and mild traumatic brain
njury has shown no or only a mild correlation between cognitive
omplaints and cognitive impairments [19,20]. To our knowl-
dge this relationship has not been studied in CA survivors yet.
revious research shows that cognitive problems can negatively
ffect quality of life, participation and autonomy of survivors
5,10,15,18,21,22].
In the present study the scope was twofold. The first goal was
o examine cognitive impairments and subjective cognitive com-
laints and their course up to one year after CA. The second goal was
o examine whether subjective cognitive complaints and objective
ognitive impairments were associated.
ethods
. Design
This study was part of the larger project ‘Activity and Life
fter survival of a Cardiac Arrest’ (ALASCA) [ISRCTN74835019]. The
LASCA project consisted of a multi-center prospective longitudi-
al cohort study (n = 238) with a nested randomized controlled trial
RCT, n = 185) to evaluate the effectiveness of a new nursing inter-
ention [22]. To evaluate natural recovery of cognition after CA, we
xcluded patients randomized into the intervention group of the
CT from the analysis of the current study. This resulted in a cohort
f 141 patients who received care as usual, best reflecting natural
ecovery. Patients were followed for one year with measurements
t two weeks, three months and twelve months after CA.
. Setting
Patients were recruited from coronary care and intensive care
nits of seven hospitals in the Netherlands, between April 2007
nd December 2010. All hospitals had protocols for care of resusci-
ation patients in line with international guidelines and performed
nduced hypothermia and pacemaker implantations.
. Participants
Patients who survived an in- or out-of-hospital CA, aged 18 years
r older, admitted to a participating hospital, living within a 50 km
ange from the hospital with sufficient knowledge of Dutch lan-
uage were included. Exclusion criteria were life expectancy of less
han three months due to another medical condition and patients
iving in residential or institutional care prior to CA.
. Procedure
Newly admitted survivors of CA were assessed for eligibility and
otential participants were approached between three and ten days
fter CA. Patients who decided to participate signed an informed
onsent form. If the patient did not have the capacity to consent,
he caregiver was asked for provisional consent. Baseline mea-
urements were performed within two weeks (=T1) with furtherseconds; PR = Paragraph Recall (direct/delayed), number of total recalls; AMIPB = The
Adult Memory and Information Processing Battery, number of correct answers;
CFQ = Cognitive Failures Questionnaire, total score.
assessments at three months (=T2) and one year (=T3). All measure-
ments were performed at the patients current location by research
assistants who  were trained to administer the tests and question-
naires and were done with the patient, not by proxy. This study
complies with the Declaration of Helsinki and has been approved
by the Medical Ethics Committee of Maastricht University Medical
Centre and the local committees of the participating hospitals.
E. Assessment
1. Cognitive functioning
Cognitive functioning was assessed using a neuropsychologi-
cal test battery to cover different cognitive domains as shown in
Table 1. The battery included the following tests: Cognitive-Log
(global cognitive performance) [23], Trail Making Test A (psy-
chomotor functioning) and B (executive functioning) [24], Verbal
Fluency Test (semantic memory and word fluency) [25], Paragraph
Recall (PR) Test Direct and Delayed (short-term and delayed verbal
memory) [26] and The Adult Memory and Information Processing
Battery (AMIPB) Task A (information processing speed) [27]. For all
tests except the Cog-Log and the AMIPB Task A, population-based
age, gender and education-corrected normative scores were avail-
able [28]. Cognitive impairments were defined as a score below
1.5SD of published population norms. For the Cog-Log, a cut-off
score of <25 was used to define cognitive impairment [23]. For the
AMIPB, no normative data were available. Therefore, we  did not
define a cut-off score but only show the raw data.
2. Subjective cognitive functioning
The presence of subjective cognitive failures was assessed using
the Cognitive Failures Questionnaire (CFQ). The CFQ is a 25-item
questionnaire with a maximum score of 4 for each question leading
to a total maximum score of 100. Participants with scores above 44
were considered to have subjective cognitive complaints [29].
3. Statistical analyses
Statistical analyses were performed using the SPSS 24 IBM
software package. Data were checked for normality. Descriptive
statistics were used to present baseline characteristics, presented
by mean (SD) or median (range) for numerical variables, and num-
ber (%) for categorical variables. Median (range) scores on the
cognitive tests and the CFQ are presented and the number of cor-
responding percentages of survivors with cognitive impairments
or complaints according to the fixed cut-off points were calcu-
lated. To determine whether there was  a significant improvement
on the cognitive tests and subjective cognitive complaints over
time, we performed non-parametric Friedman testing with an addi-
tional separate post-hoc-Wilcoxon signed rank test. Associations
between cognitive impairments and cognitive complaints were
determined by calculating Spearman correlations at T1, T2 and T3.
Results were considered significant at p < 0.05.








































Socio-demographic and medical characteristics.
n n (%) or mean (SD) or median (range)
Socio-demographical variables
Male 141 119 (84%)
Age in years 141 60 (11)
Marital status 130
-  Married/partner 110 (85%)
-  Single/divorced/widowed 20 (15%)
Highest level of education 130
-  Basic education 25 (19%)
-  Further education 79 (61%)
-  Higher educationa 26 (20%)
Employment status pre-arrest 138
-  Paid job 70 (51%)
-  Not working 68 (49%)
Medical history 135
Cardiovascular history
- Hypertension 41 (30%)
-  Myocardial infarction 45 (33%)
-  Heart failure 8 (6%)
-  Cardiac arrest 2 (1%)
-  CABG 11 (8%)
-  Arrhytmia 10 (7%)
No cardiovascular history 51 (38%)
Diabetes mellitus 13 (10%)
Neurological history 20 (15%)
Characteristics cardiac arrest
-  Cardiac cause 132 117 (89%)
-  Location out-of-hospital 141 112 (79%)
-  Witnessed cardiac arrest 138 130 (94%)
-  Bystander CPR 137 121 (88%)
-  Initial cardiac rhythm VF/VT 124 117 (94%)
-  Time collapse–ROSC, minutes 62 10 (0–60)
Medical interventions
- Therapeutic hypothermia 135 63 (47%)
-  Catheterisation with PCI 133 44 (33%)
-  CABG 135 20 (15%)
-  ICD 134 34 (25%)
-  Pacemaker 135 7 (5%)
Characteristics after cardiac arrest
Duration coma, in days 102 1 (0–19)
Location of discharge 129
-  Home 114 (89%)
-  Rehabilitation centre 12 (9%)
-  Nursing home 3 (2%)
CABG = Coronary Artery Bypass Graft; CPR = Cardiopulmonary Resuscitation;
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. Patient characteristics
Table 2 shows the baseline demographic and disease character-
stics of the 141 included patients; 84% were male, mean age was
0 years (SD ± 11), 85% was married or living with a partner, 81%
ad a high education level, 51% had a paid job prior to the CA. Most
atients had an out-of-hospital CA (79%) with witnesses (94%) and
ystander CPR (88%). The median time of collapse to return of spon-
aneous circulation was 10 min. Most patients returned home after
heir admission to the hospital (89%). Two survivors did not have
he capacity to consent, so their caregivers were asked for provi-
ional consent until the patient had the capacity to decide. For the
omplete project the percentage of patients that refused to par-
icipate was 29%, and the main reasons for refusing were lack of
ime/too much burden, lack of interest and medical problems.
From the 141 patients included for this study, 31 (22%) patients
id not complete the study as shown in Fig. 1. There were no sig-
ificant differences between participants who dropped out during
he study and those who completed it regarding age (p = 0.242),
ender (p = 0.515), location of the CA (p = 0.414), immediate start of
PR (p = 0.110) and level of education (p = 0.168). In contrast, those
ho dropped out during the study had a lower initial score on all
ognitive tests at two weeks (range p < 0.001 to p = 0.033) except
or the CFQ (p = 0.813). At three months (T2), there were no signifi-
ant differences on all cognitive tests (p = 0.058 to p = 0.164) except
or the AMIPB task A (p = 0.028).
Baseline assessments were performed on average after 24 days
SD11), with 3- and 12-months follow-up assessments on average
fter 98 days (SD15) and 374 days (SD15), respectively. The differ-
nt sample sizes for the cognitive tests are based on the numbers
f patients who completed the tasks.
. Cognitive functioning
Table 3 presents the results of the cognitive tests. At two weeks
fter the CA overall cognitive functioning (Cog-Log) was  impaired
n 26%, psychomotor functioning in 25% (TMT-A) and executive
unctioning in 29% (TMT-B). Semantic memory and word fluency
ere impaired in 29% (TMT-B), short-term verbal memory in 19%
PR direct) and delayed verbal memory in 16% (PR delayed). At
 months, the percentage of patients with impairments in over-
ll cognitive functioning was reduced to 15%, and at one year to
3% (Cog-Log). After one year, psychomotor functioning remained
mpaired in 21% (TMT-A), executive functioning in 22% (TMT-B).
taneous Circulation; PCI = Percutaneous Coronary Intervention; ICD = Implantable
Cardioverter Defibrillator.
a Refers to professional education or university.
able 3
bjective and subjective cognitive impairments at two weeks (T1), three months (T2) and one year (T3).
T1 T2 T3
Test n Median (range) No. (%) impaired n Median (range) No. (%) impaired n Median (range) No. (%) impaired Change over time
Cog-Log1 129 26 (7–30) 34 (26%) 118 27 (19–30) 18 (15%) 107 27 (15–30) 14 (13%) p = 0.004a,c
TMT-A2 126 44 (19–135) 31 (25%) 118 40 (14–183) 27 (23%) 107 37 (15–150) 22 (21%) p = 0.003c
TMT-B2 121 113 (37–629) 35 (29%) 116 100 (32–433) 25 (22%) 105 87 (27–600) 23 (22%) p = 0.010a
Verbal Fluency1 128 17 (7–37) 27 (21%) 118 20 (5–40) 14 (12%) 106 21 (9–47) 11 (10%) p < 0.001a,c
PR direct1 129 6 (0–14) 24 (19%) 116 7 (1–14) 11 (10%) 105 7 (1–15) 16 (15%) p = 0.030a
PR delayed1 129 4 (0–12) 21 (16%) 117 6 (0–13) 11 (9%) 105 6 (0–14) 10 (10%) p < 0.001a,c
AMIPB1 128 28 (7–52) – 117 30 (4–55) – 105 32 (7–52) – p < 0.001a,c
CFQ2 103 23 (0–68) 11 (11%) 107 23 (0–69) 13 (12%) 97 26 (0–78) 14 (14%) p = 0.027c
 = Higher scores indicate better performance.
 = Higher scores indicate worse performance.
og-Log = Cognitive Log, total score; TMT  = Trail Making Test (part A/part B), time in seconds; PR = Paragraph Recall (direct/delayed), number of total recalls; AMIPB = The
dult  Memory and Information Processing Battery, number of correct answers; CFQ = Cognitive Failures Questionnaire, total score.
hange over time:
 = significant difference between first and second measurement.
 = significant difference between second and third measurement.
 = significant difference between first and third measurement.
C.V.M. Steinbusch et al. / Resuscitation 120 (2017) 132–137 135
Base line measurements
2 wee ks after cardiac arr est
n=141
Sho rt-term foll ow-up
3 mon ths after cardiac arr est
n=12 0
Long-term  foll ow-up




Stopped  with stud y       n=9
- med ical problems (n=2)
- no time / not interested (n=6)
- un kno wn (n=1)
Drop-ou t n=21
Decea sed                     n=4
Stopped  with stud y      n=17
- medical problems (n=3)
- no time / not interested (n=12)
- un kno wn (n=2)
Fig. 1. Patient F
Table 4
Number of cognitive tests impaired at two weeks (T1), three months (T2) and one
year  (T3).
Number of tests impaired T1 n (%) T2 n (%) T3 n (%)
0 53 (46%) 64 (57%) 59 (57%)
























3–4 21 (18%) 12 (11%) 7 (7%)
5–6 3 (2%) 1 (1%) 4 (4%)
hort-term verbal memory remained impaired in 10% (PR direct),
elayed verbal memory in 15% (PR delayed) of patients one year
fter CA. Significant reduction of cognitive impairments was seen
or all tests. Most recovery was seen within the first three months
fter CA. Table 4 shows the distribution of impairments. At two
eeks 54% of survivors were impaired in one or more tests, at 3
onths and 12 months 43%.
At two weeks after CA 11% of survivors experienced subjective
ognitive complaints, at three months 12% and at one year 14%.
ubjective cognitive complaints increased significantly over time
p = 0.027).
. Associations between cognitive impairments and cognitive
omplaints
Table 5 presents the correlation analyses between cognitive
ests and cognitive complaints and shows that there are no sig-
ificant associations at any time point.
iscussion
This study shows that a substantial number of CA survivors suf-
er from cognitive impairments with executive functioning being
ffected most. Subjective cognitive complaints are limited and
here is no significant relation between experienced complaints
nd actual impairments.
In comparison to our results, a recent study that also used exten-
ive neuropsychological tests in a cohort of 45 survivors three
onths after CA showed that 31% scored below cut-off on one
r two tests, and 13% had three and more average test scores
elow cut-off with fine-motor functioning, memory, attention andlowchart.
executive functions being significantly impaired. 56% of survivors
scored within the normal range on all cognitive tests [8]. A recent
study from van Alem et al. shows comparable results at six months
post CA (n = 57) with impairments ranging from 11% on divided
attention, mental flexibility and motor speed to 28% on selec-
tive attention and response inhibition. Fifty-eight percent scored
unimpaired at all tests [11]. Our study showed comparable results
with a substantial number of patients without impairments, or
poor performance in one or two  tests which might indicate milder
impairments. When regarding the fact that 89% of our cohort were
discharged home after hospital admittance, many survivors had
to cope with (mild) cognitive problems at home. Especially the
survivors with less obvious, milder cognitive impairments should
receive health workers attention and examination of cognition
while their impairments might easily go unrecognized and may
negatively influence return to former social roles, participation,
return to work and quality of life [10,15,18,22,30,31].
We should take into account that our results of the objective cog-
nitive tests at two weeks post CA might be overestimated while the
dropped-out patients scored significantly worse on all tests at two
weeks post CA. At three months there was no significant difference
detected anymore except for one test (AMIPB task A).
In line with previous research, our study has shown signifi-
cant recovery on all tests with most improvement occurring in the
first three months following CA [10,15]. Although most cognitive
recovery was  seen within the first three months, most cognitive
tests except for direct memory (verbal fluency test) and execu-
tive functioning (TMT-B) showed ongoing significant improvement
between three and twelve months suggesting a longer period of
recovery and a delayed plateau. In future research, adding more
time points could help to establish differential recovery patterns for
different cognitive functions and individual differences in recovery
potential [14].
In the current study 11% of survivors had cognitive complaints at
two weeks post CA. Interestingly, subjective cognitive complaints
increased significantly over time. This might be explained by the
fact that survivors become aware of their impairments when more
complex cognitive functioning is being addressed when returning
to daily functioning and occupation [21]. It is interesting to note
that the patients in the current study showed percentages of cogni-
136 C.V.M. Steinbusch et al. / Resuscitation 120 (2017) 132–137
Table  5
Correlations between objective cognitive test scores and subjective cognitive complaints at two  weeks (T1), three months (T2) and one year (T3).
T1 T2 T3
Test n Rs CFQ p n Rs CFQ p n Rs CFQ p
Cog-Log 101 −0.093 0.356 106 0.024 0.806 95 −0.015 0.884
TMT-A 102 0.037 0.711 107 0.034 0.726 95 −0.011 0.278
TMT-B 98 −0.046 0.651 106 0.083 0.396 94 0.094 0.376
Verbal Fluency 101 −0.064 0.523 107 −0.079 0.428 94 −0.092 0.377
PR  direct 101 −0.083 0.409 105 0.017 0.866 93 −0.093 0.376
PR  delayed 101 −0.063 0.530 106 0.012 0.907 93 −0.059 0.571


















































s = Spearman correlation; CFQ = Cognitive Failures Questionnaire; Cog-Log = Cogniti
ecall  (direct/delayed), number of total recalls; AMIPB = The Adult Memory and Inf
ionnaire, total score.
ive complaints comparable to the research of Boyce et al. [16], but
ower percentages than the abovementioned studies with stroke
nd mild traumatic brain injury patients [19,20]. Clinical experi-
nce leads to similar observations and a possible explanation could
e that having survived a CA makes people grateful that they sur-
ived which may  reduce the level of complaints or believe their
eficits belong to a normal ageing process. Another possible expla-
ation could be the fact that the deficits found do not interfere
ith daily life when extensive cognitive functioning is not being
ddressed. From a neurological point of view it would be interesting
o know whether this lack of complaints could be due to dimin-
shed awareness of deficits. Caregiver information is valuable when
etecting cognitive problems in CA survivors while caregivers tend
o report more changes as compared to the patients themselves and
ay  be a more realistic representation of actual deficits [30].
The second aim of our study was to investigate the relationship
etween objective and subjective cognitive functioning. Our results
ave shown only a weak non-significant relation between cogni-
ive impairments and cognitive complaints. This has been shown in
ther forms of brain injury as well such as stroke and mild traumatic
rain injury [19,20], and has consequences for follow-up assess-
ents. It is therefore important to identify patients with cognitive
mpairments by using objective cognitive tests while it is likely that
atients will not complain about their cognitive problems.
Early neuropsychological assessment is recommended even in
atients with apparent good outcome and those without cogni-
ive complaints [31]. A recent report of Lilja suggests performing
creening at 2 months post arrest [32]. In case of cognitive prob-
ems, referral to cognitive rehabilitation is recommended [31,32].
or patients with other forms of acquired brain injury, cognitive
ehabilitation has been proven to be effective [33,34]. There are no
tudies yet on the effectiveness of cognitive rehabilitation specifi-
ally for patients with hypoxic brain injury due to CA. Comparable
o patients with other types of acquired brain injury, we  expect
hat CA survivors with cognitive deficits may  benefit from cogni-
ive rehabilitation interventions in terms of learning to compensate
or probably lasting cognitive impairments. In addition, attention
hould be paid to anxiety and depression as they often co-occur
ith cognitive impairments, are related to cognitive complaints
nd also influence outcome of rehabilitation [14,16,18]. Recently,
he ‘Stand still and move on’ intervention which we developed
nd evaluated in our RCT was shown to be clinically- and cost-
ffective and useful by both patients and health workers [22,35].
he intervention led to a higher quality of life and better emotional
unctioning after one year [22].
trengths and limitationsThis is the first large-scale cohort study in which cognitive
mpairments were measured with neuropsychological tests in
ombination with subjective cognitive measurements in a longi-, total score; TMT  = Trail Making Test (part A/part B), time in seconds; PR = Paragraph
ion Processing Battery, number of correct answers; CFQ = Cognitive Failures Ques-
tudinal design. A limitation of this study is the fact that the used
neuropsychological tests have not yet been validated specifically
for survivors of CA. Although all tests are valid for use in patients
with acquired brain injury and have good test-retest reliability,
it might be possible that some aspects of cognitive functioning
in this group were over- or underestimated. Except for the para-
graph recall test, patients received the same tests at every testing
moment with a possible training effect. Additionally, the use of
cut-offs creates a simplified, dichotomous result that may not accu-
rately characterize impairments. A survivor who is consistently in
the impairment range but above cut-off may  go unrecognized.
Most cardiac arrests were witnessed, of cardiac cause and with
initial shockable registered cardiac rhythm and with bystander CPR.
It is affirmed that OHCA survivors who  receive CPR from a bystander
or an emergency medical provider, and these who are found in
shockable rhythm are associated with better cognitive function-
ing [36]. Therefore, a possible selection bias might have occurred.
Forty-seven percent of survivors were treated with therapeutic
hypothermia and had a median of one day of coma duration. Both
hypothermia treatment and shorter coma duration are associated
with better outcome [2,8]. There might have been an inclusion bias
regarding the fact that no patients in vegetative state have been
included in the current study, possibly explained by the fact that
their family members did not approve participation in a critical
situation, which might overestimate cognitive functioning in our
study group.
Furthermore, future studies should include data on pre-morbid
cognitive functioning as cognitive decline might be caused by car-
diovascular morbidity as well as being a result of the CA [1].
Conclusions
A substantial number of CA survivors suffer from cognitive
impairments and subjective cognitive complaints. Regarding these
cognitive impairments, this study shows that executive function-
ing seems to be mostly affected. Most recovery was seen in the first
three months post injury with further recovery on some tests. After
one year a substantial number of patients remained impaired. Sub-
jective cognitive complaints do not seem to be indicative for actual
cognitive impairments; therefore, cognitive testing with an exten-
sive test battery as well as asking survivors and their caregivers
about experienced subjective impairments is important and should
be part of CA survivors routine follow-up to detect those survivors
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